Introduction: There is evidence that ligament laxity is related to the female hormone. 1, 2 In pregnancy, high level of estrogen and relaxin affect the fibroblast function and modulate the soft tissue condition. Estrogen reduces type I collagen synthesis and fibroblast proliferation. 3 Relaxin decreases the synthesis and secretion of interstitial collagens, increases the expression of the matrix metalloproteinase, procollagenase, and decreases the production of tissue inhibitor of metalloproteinases by human dermal fibroblast and lung fibroblast. 4, 5 On the other hand, the immobilized tissue has less collagenase 6 and increasing collagen. 7 Therefore, estrogen and relaxin could prevent the soft tissue alterations due to immobilization. We hypothesize that the high level of hormone in pregnancy could prevent the joint contracture due to immobilization. The purpose of this study is to investigate the biomechanical influence of the pregnancy on joint contracture. We examined 1) whether the pregnancy would prevent the progress of the joint contracture due to immobilization, and 2) whether pregnancy would change biomechanical properties of the knee ligaments. Materials and Methods: Twenty Sprague-Dawley (SD) female rats, weighting approximately 280g were used. Ten early pregnant (days 5-7) and ten nonpregnant aged-matched control rats were used. The gestation time for a rat is 21-22 days, so following immobilization the pregnant animals were 1-2 days prior to delivery. Operative procedures for creating contracture In brief, the femur and tibia were exposed through an intermuscular approach. The knee was then immobilized in 150° of flexion using a 3-0 steel suture wire passed extraperiosteally around the midshaft of the femur and the tibia. 8 The immobilized side was randomized for each animal while the contralateral knee was control. Rats were killed after 2 weeks of unrestrained survival in their cages. Mechanical Testing Procedure The hind legs were microscopically dissected and the suture wire removed. To assess the degree of joint contracture, the femorotibial angle measurements on both hind legs were performed with a 0.005 N-m extension moment applied. Then the mechanical properties of medial collateral ligament (MCL) and anterior cruciate ligament (ACL) of the knee were measured using a material testing machine. The MCL was tested by inserting a hook around the ligament and applying load perpendicular to the ligament. Following MCL testing the medial and lateral menisci were excised at the anterior and posterior horn of the meniscus. To test the ACL the tibia and femur were oriented in the test machine with the joint in 60 degree of knee flexion aligning the anteriorlateral bundle of the ACL parallel with the direction of load application. 9 To precondition the ligament 10 cycles of 0.5 mm displacement were prescribed at 0.2 Hz. Then under a displacement rate of 5 mm/min, the MCL and ACL were tested to failure. The ratio of maximum load in the tenth cycle to the first cycle during tissue preconditioning was used to express the stress relaxation characteristics. The tissue stiffness was calculated from the linear portion of the load-displacement curve during failure testing and expressed as a percentage of the contralateral control. Statistical Analysis Paired t-test was used to compare measurements between control and immobilized sites. Unpaired t-test was used to compare the data between the nonpregnant and pregnant. Results: Knee joint contractures were made in nonpregnant and pregnant groups (Fig.1) . The joint contracture of pregnant rats were smaller than the nonpregnant rats, but the difference was not statistically significantly (p=0.057) (Fig.1) . The immobilized joints showed a significant difference in the stress relaxation of the MCL and ACL with pregnancy versus nonpregnancy (p<0.05) ( Table  1 ). The control group for the ACL also showed significant difference in stress relaxation for pregnant rats while the MCL control group showed no pregnancy effect. Stiffness of the MCL and ACL were not significantly different between pregnant and nonpregnant. 
Discussion
This study showed that pregnancy affected the viscoelastic property of the knee ligaments. Also it suggests that pregnancy could prevent the alteration of ligament due to immobilization. In other words, the pregnancy affected not only the normal condition of the soft tissue but also pathological condition. The stress relaxation suggests that the ligament in pregnancy is relaxed much more than in normal by cyclic load. It suggests that pregnancy affects joint laxity during exercise.
Though this model simulates the process of developing contracture, more work needs to be done to directly assess how the pregnancy hormones may affect contracted soft tissue. Because the stretch of the soft tissue stimulates the fibroblast activity, 10 it may be affected by high level of hormone in pregnancy.
